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ABSTRACT 
 
L2C is the second civilian signal introduced on the modernized block of 
Global  Positioning  System  (GPS)  satellites.  The  two  PN  sequences 
employed in L2C, named CM and CL, have periods of 20 milliseconds and 
1.5 seconds respectively. With longer PN codes, the search space for L2C 
acquisition  becomes  huge.  In  this  paper,  the  Generalized  Post  Detection 
Integration (GPDI) technique is introduced to enhance the L2C acquisition 
sensitivity. T h e  GPDI  combines  available  correlator-output  samples  in 
several  ways  to  maximize  the  processing  gain.  Monte  Carlo  simulations 
verify a GPDI gain of approximately 0.7 dB, over non-coherent techniques, 
in  the L 2 C  d e t e c t i o n  p r o b a b i l i t y .  Time-domain  partial  correlations  are 
investigated for efficient acquisition of L2C signal. It is identified that a 
coherent  integration  interval  of  1  millisecond  with  20  correlator-output 
samples combined through GPDI is good enough to detect the L2C signal 
with C/N0 level of 33.82 dB-Hz or above (covering outdoor range), making 
it  20  times  faster  than  conventional  coherent  integration  over  CM  code 
period. On the other hand, for signals as weak as 17.55 dB-Hz (nominal 
indoor  level),  it  is  shown  that  coherent  integration  interval  of  20 
milliseconds with 75 correlator-output samples combined through GPDI is a 
better acquisition strategy than coherent integration with pilot code. 
 
KEYWORDS: Acquisition sensitivity, coherent integration, mean acquisition 
time, partial correlation, post detection integration.  
 
  
 
 
1. INTRODUCTION 
 
The GPS modernization program deploys new Block IIR-M satellites (seven of which are set 
to operational at the time of writing), equipped to transmit the second civilian signal L2C (US 
Coastal Guard Navigation Centre, 2009). With its novel code structure and compact data 
format, the L2C signal can offer advantages such as indoor positioning, ionospheric error 
elimination (when combined with legacy L1 signal measurements) and improved tracking 
performance (Tran, 2004). The L2C signal employs two spreading sequences, namely CM 
(civil moderate) and CL (civil long), multiplexed together on a chip-by-chip basis. The CM 
sequence (or code) is 20 milliseconds long while the CL code has a period of 1.5 seconds; 
hence a CL code period contains 75 CM code periods. The CM code alone is longer than any 
other GPS civil code including L1 C/A, L5 and L1C signals (Navstar IS-GPS 200D, 2006). 
The long time division multiplexed (TDM) structure of L2C creates the problem of a large 
search space. Applying conventional approaches for acquisition of such long codes would 
take a long time, because the search space in both the code phase and the Doppler dimensions 
is very large (Dempster, 2006). A number of proposals have been made to trim down the L2C 
search  space.  In  (Psiaki,  2004),  the  overlap-and-discard  technique  for  data  batches  is 
combined  with  zero  padding  to  accumulate  the  partial  correlations  for  weak  L2C  signals 
acquisition in frequency domain. A similar approach is presented by Yang (2005), where the 
smaller segments of incoming L2C data are joined with blocks of zeros (also known as double 
block zero padding, DBZP) and partial correlations are performed between zero padded data 
segments and a segmented local code (adjacent code segments joined together) of equivalent 
size. Partial correlations are performed with shorter FFT blocks and the FFT of corresponding 
points  in  the  partial  correlation  results  identifies  the  desired  code  phase  and  Doppler 
estimates. In (Qaisar et al., 2008), the authors have exploited the spectrum envelope to down-
sample  the  L2C  data  and  save  the  computations.  In  this  approach,  the  tail  of  the  code 
spectrum is removed through pre-correlation filtering. Since the spectrum envelope is a ‘Sinc’ 
function, removing the tail of the main spectral lobe causes minimal loss of signal energy. 
This technique significantly reduces the computational load at the cost of minor degradation 
in the acquisition sensitivity. 
 
In  order  to  increase  the  detection  probability  of  the  acquisition  process,  post  correlation 
processing  techniques  are  employed  in  GNSS  receivers.  Currently,  there  are  three  such 
techniques, namely Coherent, Non-coherent and Differential. The three techniques differ in 
their decision variable (or decision statistic), processing gain and applicability. The coherent 
technique is an ideal solution as it fully exploits the potential of the CDMA de-spreading gain. 
It offers a gain of approximately 3dB each time the coherent integration period is doubled. 
However the PRN codes employed in GNSS systems are modulated by data bits not known to 
the receiver except for the case of dataless channels such as L2 CL. For the L2 CL channel, 
however,  longer  coherent  integration  creates  the  problems  of  a  large  search  space  in  the 
Doppler dimension and the requirement for a precise clock to avoid the carrier phase reversal. 
On the other hand, the non-coherent technique simply adds up the magnitude of multiple 
complex  correlator-output  samples  to  gain  the  sensitivity  and  hence  the  coherence  across 
samples  is  lost.  Therefore,  compared  to  coherent  integration,  the  processing  gain  of  this 
technique is smaller. In the differential technique, the current correlator output is multiplied 
by the conjugate value of the previous one. Since the signal component in the two samples 
remains highly correlated while the noise is not, such processing offers some additional gain 
over the non-coherent technique. For GNSS signals with data bit durations much larger than 
the code period, this technique can be used despite some processing loss. For instance, in GPS 
L1 C/A signal, after 20 full code periods, there may be one data transition and consequently 2  
 
 
of 19 combinations might null out each other. This loss is acceptable when compared to the 
squaring loss in the non-coherent technique. However, for signals such as L2C CM or Galileo 
E1 Open Service, where the code period is equal to the data bit period, this technique is not 
recommended  except  with  some  modifications  to  avoid  the  combination  loss  such  as  an 
absolute operation after each multiplication (Ta, 2008). In (Pedone et al., 2004), the authors 
proposed a Generalized Post Detection Integration (GPDI) method to cope with problems of 
spread spectrum signal acquisition in general. The technique’s decision variable is formed by 
accumulating  all  post  correlation  possibilities  such  as:  non-coherent  and  differential  with 
different sample distances (span). In this way, the technique fully exploits the advantages of 
all post correlation processing techniques to maximize the detection capability.  A similar 
version of this technique is also applied for GPS L1 C/A acquisition in (Surendran et al., 
2007),  where  the  authors  just  focus  on  combining  all  the  differential  spans  (without 
considering the non-coherent case) to obtain larger processing gain in order to compensate for 
the data transition loss while deflection coefficient was used a performance metric.  
 
In  this  paper,  the  GPDI  method  is  adapted  and  applied  for  L2C  signal  acquisition.  The 
performance of GPDI is compared with the conventional non-coherent technique in terms of 
detection probability and mean acquisition time. The partial correlation for CM acquisition is 
also  considered  in  order  to  reduce  the  computational  complexity.  In  this  situation,  the 
improvement of the GPDI method can compensate for the processing loss caused by the 
partial correlation. Moreover, a wide range of signal levels is tested and efficient strategies for 
nominal indoor and outdoor conditions have been identified as a main contribution of the 
paper. The remainder of the paper is organized as follows. Section 2 introduces the L2C 
signal structure and corresponding acquisition parameters. The Generalized Post Detection 
Integration technique is discussed in section 3. Performance comparison of coherent, non-
coherent  and  GPDI  is  presented  in  section  4,  in  the  context  of  dwell  times  of  up  to  20 
milliseconds (good enough for outdoor operations) and greater than 20 milliseconds (required 
for weaker signals such as in the indoor case). Finally some concluding remarks are given in 
section 5. 
 
2. THE L2C SIGNAL  
 
2.1 The Signal Structure 
 
The L2C signal is composed of two codes, namely L2 CM and L2 CL. The L2 CM code is 20 
milliseconds long and contains 10230 chips while the L2 CL code has a period of 1.5 seconds, 
containing 767250 chips. The CM code is modulo-2 added to data (i.e. it modulates the data)  
 
 
 
 
Figure 1.  The L2C Signal Structure  
 
 
and the resultant sequence of chips is time-multiplexed with CL code on a chip-by-chip basis. 
The individual CM and CL codes are clocked at 511.5 KHz while the composite L2C code 
has a frequency of 1.023 MHz. Code boundaries of CM and CL are aligned and each CL 
period contains exactly 75 CM periods. This time multiplexed L2C sequence modulates the 
L2 (1227.6 M Hz) carrier (Fontana et al., 2001). The original L2C data rate is 25 bits per 
second but a half rate convolutional encoder is employed to transmit the data at 50 symbols 
per second. Consequently, each data symbol is spread over CM period of 20 milliseconds. 
 
Figure 1 illustrates the L2C code structure. The CM code, being 75 times shorter than CL 
code, is the preferred local replica code for L2C signal acquisition. Due to the time division 
multiplexed (TDM) structure of the L2C code, there are two basic designs of CM replica 
code. As shown in Figure 2, the two designs differ in the choice of alternate chips. The first 
one replaces CL chips in the L2C code structure with zeros and consequently the local code 
alternates between CM chips and zeros and hence is known as return-to-zero (RZ) CM code. 
In the second option, each CM chip is extended to cover an interval of two chips to make it a 
non-return-to-zero (NRZ) CM code (Tran, 2004). The RZ CM code removes half (3 dB) of 
the correlation noise and results in a sharp autocorrelation function (Dempster, 2006). It is 
therefore selected for all experiments conducted in this research. 
 
 
 
Figure 2.  Structure of basic replica CM codes over 2 chips 
 
 
2.2 Conventional Acquisition Approach 
 
 
 
Figure 3.  Conventional correlation architecture for L2C acquisition 
 
The conventional correlation architecture for L2C acquisition is illustrated in Figure 3 where 
ω and ω^ represent the local IF carrier frequency and Doppler estimate respectively, T is the 
coherent  observation  period  while  ￿  and  ￿  are  the  in-phase  and  quad-phase  samples  of 
correlator  output  combined  as  ￿=￿+￿￿   and  ￿￿  represents  to  the  decision  statistic 
compared  with  the  threshold  ν  to  declare  the  absence  (H0  hypothesis)  or  presence  (H1 
hypothesis) of the signal. The decision statistic for conventional correlation is given as: 
 
￿￿=￿=1￿￿￿2=￿￿+￿ ￿￿2   
(1) 
  CM          0 
  CM        CM  
 
 
where ￿ is the number of non-coherent integrations and subscript ￿ indexes the correlator-
output samples. Here ￿￿￿￿2 is a non-central ￿2 (chi-square) distribution with 2￿ degrees of 
freedom, while ￿￿2 is the power of noise component in each of the ￿ and ￿ branch (Bastide 
et al., 2005). The false alarm probability of ￿￿￿￿2 is given as: 
 
￿￿￿=￿∞￿￿￿￿￿￿   
(2) 
 
where ￿￿￿￿ is the probability density function of the test statistic and the threshold ν is 
computed through inverse chi-square cumulative distribution function for a given ￿￿￿ and ￿ 
(Bastide et al., 2002). The expected value of non centrality parameter ￿ is (Yao, 2007): 
 
￿=4￿￿￿0￿￿c∆￿2sin￿∆￿￿￿∆￿￿2  (3) 
 
where ￿ is the received signal power, ∆￿  represents the relative delay between incoming and 
replica code sequences, ∆￿  refers to the carrier offset between local and incoming signals 
while ￿c∆￿  is the cross-correlation function and for the selected RZ CM replica code given 
as: 
￿c∆￿ =0￿￿￿−￿￿￿￿￿−￿￿￿￿  (4) 
 
where ￿￿−￿￿ and ￿￿￿−￿￿ are the received and local replica codes with delays ￿￿ and ￿￿ 
respectively. 
 
 
3. GENERALIZED POST DETECTION INTEGRATION TECHNIQUE 
 
The generalized post detection integration (GPDI) technique, introduced in (Pedone et al., 
2004) is applied for L2C acquisition here. The term “generalized” is used to stress that the 
technique  aims  to  utilize  the  most  of  the  post  correlation  processing  potential.  Figure  4 
illustrates the post-correlation architecture employed for the GPDI. 
 
Derived from the generalized likelihood ratio testing in (Corazza, 2007), the decision statistic 
of the technique is formed as: 
 
￿￿=￿=0￿−1￿￿   
(5)  
 
 
 
Figure 4.  Generalized Post Detection Integration technique  
 
 
The interpretation of different values of index ￿ in equation (5) is given as: 
 
 
￿=0  ￿0=￿=1￿￿￿2  Non-coherent combination (Span-0) 
￿=1  ￿1=￿=1￿2￿￿￿￿￿￿−1∗  Span-1 differential combination 
⋯  ⋯  ⋯ 
￿=￿   ￿￿=￿=1￿/￿ 2￿￿￿￿￿￿−￿ ∗  Span-	 ﾠ￿   differential combination 
⋯  ⋯  ⋯ 
￿=￿−1   ￿￿−1=2￿￿￿￿￿￿−(￿−1) ∗  Span-(￿−1) differential combination 
 
Table 1. Interpretation of decision statistic in GPDI technique  
 
 
where  the  function  ∙  (used  in  Span-n  case)  represents  the  integer  part  of  its  real  number 
argument. For instance, for ￿=10 and ￿=4, 10/4 reduces to 2. Note that the highest span 
number is given by ￿−1. 
 
As shown in Figure 4, the GPDI technique combines the non-coherent and differential (with 
several spans) techniques together. In the non-coherent technique, the data bit knowledge is 
not  required  and  the  accumulator  just  adds  up  the  magnitude  of  the  complex  correlator 
outputs.  Compared  to  coherent  integration,  the  processing  gain  of  this  technique  is 
significantly smaller due to squaring loss (Choi et al., 2002). In the differential technique, the 
current correlator output is multiplied by the conjugate value of the previous one. To secure 
the  accumulation,  the  absolute  operation  is  placed  after  each  multiplication;  this  is  the 
modification in order to adapt the original differential technique for the L2C case. Different 
span numbers correspond to different delays and hence different samples of correlator output. 
Considering ￿=5, Span-1 involves the multiplication of following correlator-output samples; 
1&2, 2&3, 3&4 and 4&5. Span-2 will multiply 1&3 and 3&5. Similarly Span-3 multiplies 
every 3
rd sample together, i.e. only 1&4 in this case. These individual products are finally 
combined  to  construct  the  decision  statistic  as  explained  in  Table  1.  Note  that  for  the 
differential technique (any span), the real component of sample multiplication is selected as it 
provides a small improvement, compared to taking the magnitude of the sample product, 
when the residual carrier is small (Villanti et al., 2007). This is compliant with GNSS signal 
acquisition where the carrier offset is restricted by the acquisition sensitivity. Hence in GPDI, 
for a given	 ﾠM, results of all spans (Span-1, Span-2, etc.) are combined with that of non-
coherent (Span-0) case. The extra operations (multiplications and accumulations) required for 
the GPDI do not require significant efforts in comparison with the correlation process which 
is the heaviest task in the acquisition engine. The performance of GPDI is evaluated by means 
 
 
Figure 5.  ROC Curves showing the gain in GPDI   
 
 
of Receiver Operating Characteristic Curve (ROC), which is a diagram plotting the behaviour 
of the probability of false alarm and the detection probability of a binary classifier system as 
its  discrimination  threshold  is  varied.  Figure  5  shows  the  set  of  ROC  curves  generated 
through  Monte  Carlo  simulations,  for  C/No  levels  of  31  dB-Hz  and  32  dB-Hz  for  time-
domain serial acquisition of L2C signal. For the selected ￿=20 and ￿=1ms, the effect of 
increasing the number of spans can be observed as improvement in detection probability for 
the given probability of false alarm. Note that the 1-Span case refers to accumulation of Span-
0 and Span-1. Similarly, 5-Spans represent combination of Span-0, Span-1, Span-2, Span-3, 
Span-4 and Span-5. Hence n-Spans translates to combination of Span-0, Span-1, Span-2 up to 
Span-n. 
 
 
4. PERFORMANCE EVALUATION 
 
4.1 Dwell Time of 20 Milliseconds 
 
The GPDI technique is applied for L2C acquisition under two different scenarios. In first 
scenario, the possibilities of L2C acquisition with a dwell time of 20 milliseconds (CM code 
period) are investigated. The dwell time is defined as the amount of time spent on declaring 
the  presence  or  absence  of  a  signal  in  a  single  cell.  The  minimum  dwell  time  for  L2C 
acquisition is 20 milliseconds when the RZ CM replica code is used. This is because before 
moving on to the next cell, the signal is observed over 20 milliseconds. Conventionally, this 
20  milliseconds  observation  period  is  utilized  coherently,  i.e.  with  ￿=20ms,  creating  a 
Doppler search space of 1/2￿  Hz (Tsui, 2005). However a partial correlation strategy can 
be adapted to reduce the Doppler search space by reducing ￿. In a partial correlation, coherent 
observation periods of shorter than 20 milliseconds are used to observe the signal and results 
of multiple partial correlations are combined together non-coherently through GPDI, over the 
same dwell time of 20 milliseconds. This concept is illustrated in Figure 6. 
 
 
 
Figure 6.  Partial correlation concept with ￿=1ms and	 ﾠ￿ =20 
 
 
4.2 Simulation Results 
 
For dwell times of 20 milliseconds, the performance of GPDI is evaluated through Monte 
Carlo simulations for probability of detection and mean acquisition time. Figure 7 compares 
the probability of detection for different sets of ￿ & ￿. For each set, the performance of GPDI 
is  compared  with  the  corresponding  non-coherent  case  where  the  simulation  results  are 
verified with theory. It can be observed from Figure 7 that for each set there is a consistent 
improvement of approximately 0.7 dB. This is because each set maintains the same dwell  
 
 
time of 20 milliseconds. However, the detection probability increases with ￿ at the cost of 
increased  Doppler  search  space  and  hence  increased  mean  acquisition  time,  compared  in 
Figure  8.  The  mean  acquisition  time  along  with  probability  of  detection  determines  the 
acquisition performance of a correlation system. The mean acquisition time for single dwell is 
given as (Bastide et al., 2005): 
 
￿=2+2−￿￿￿−11+￿ ￿￿￿2￿￿￿￿  (6) 
 
where  ￿  is  the  number  of  cells  in  the  search  space  (also  known  as  un-certainty  region), 
computed as ￿￿￿￿/￿ , where ￿￿ is the number of code phase to be searched (equal to 
20460×2  for  CM  code  acquisition  over  20  milliseconds,  considering  a  half  chip  search 
resolution),	 ﾠ￿￿ is Doppler range to be searched e.g. ± 9 kHz and	 ﾠd is the Doppler search step, 
set to 12￿  Hz here where as ￿ is the penalty factor, arbitrarily set to 1/￿￿ , as in (Bastide 
et  al.,  2005).  Table  2  compares  the  performance  of  different  correlation  strategies  for 
detection probability of 90% or above and ￿￿￿=10
-3, considered good enough to declare the 
presence of signal. The table suggests that for clear sky outdoor environments where C/No is 
at least 33.82 dB-Hz, ￿=1 & ￿=20 is the best acquisition strategy with shortest time to first 
fix (TTFF) and reliable sensitivity while the acquisition effort increases gradually, as the 
coherent integration time increases. Note that the GPDI performance reported here considers 
￿-1 differential spans, in each case. 
 
 
Figure 7.  Comparison of detection probabilities of coherent, non-coherent and GPDI sets for dwell 
time of 20 milliseconds 
  
 
 
 
Figure 8.  Comparison of mean acquisition times of coherent, non-coherent and GPDI techniques for 
dwell time of 20 milliseconds, Doppler uncertainty=±9KHz 
 
 
￿￿￿=10−3, ￿￿≥90% 
Min. detectable C/N0 
(dB-Hz) 
T 
(ms)  ￿  ￿ 
(×10
3) s 
33.82  1  20  17.29 
32.81  2  10  34 
31.9  4  5  70.68 
31.71  5  4  84.71 
31.16  10  2  186.3 
30.8  20  1  347.6 
 
Table 2. Comparison of acquisition performance for dwell time of 20 milliseconds 
 
 
4.2 Dwell Times Larger than 20 Milliseconds 
 
The simulation results reported above indicate that for C/N0 levels below 30.8 dB-Hz, the 
dwell time needs to be increased above 20 milliseconds either by increasing the coherent 
integration interval beyond CM code period or by increasing the number of correlator-output 
samples. Figure 9 compares the detection probabilities for this scenario. It is observable from 
Figure 9 that the GPDI provides a gain of approximately 0.7 dB for all cases, while the ￿￿ 
improves as the ￿ increases. Again, the GPDI results, reported here, are achieved with highest 
number of spans, i.e. ￿−1. The mean acquisition times for this scenario are presented in 
Figure 10. Table 3 gives the acquisition performance parameters for this scenario under the 
same conditions of ￿￿ and ￿￿￿, selected for the scenario of 20-milliseconds dwell time.It 
can be concluded from these results that when moving towards the indoor environment  
 
 
 
Figure 9.  Comparison of detection probabilities for dwell time of greater than 20 milliseconds 
 
 
 
Figure 10.  Comparison of mean acquisition times in GPDI for dwell time of greater than 20 
milliseconds, Doppler uncertainty=±9KHz 
  
 
 
￿￿￿=10−3, ￿￿≥90% 
Min. detectable C/No 
(dB-Hz) 
￿ 
(ms) 
￿  ￿ 
(×10
6) s 
28.11  20  2  0.739 
23.85  20  7  1.42 
22.78  20  10  3.63 
20.83  20  20  6.2 
18.97  20  40  11.92 
17.55  20  75  21.15 
 
Table 3. Comparison of acquisition performance in GPDI for dwell time of larger than 20 
milliseconds 
 
(17.55 dB-Hz), higher value of ￿ becomes more useful. For example for the 17.55 dB-Hz 
signal, ￿=75 is the best choice with lowest mean acquisition time and highest acquisition 
sensitivity. 
 
4.2 Comparison with Pilot Channel 
 
The key purpose of a pilot channel in the GNSS signal is to assist in weak signal acquisition. 
Unfortunately in L2C, due to a very long pilot code period (1.5 seconds), such benefits are 
lost until the signal becomes too weak (Dempster, 2006).  
 
 
Figure 11.  ￿￿ comparison of coherent, non-coherent and GPDI techniques for weak L2C signals 
 
For any coherent integration period, signal observation with the CL code requires a dwell 
time of at least 1.5 seconds while 75 CM code periods can be collected in this duration. Hence 
for a fair comparison, any use of CL code for acquisition must be compared with	 ﾠ￿=20 &  
 
 
￿=75  case.  Simulation  results  shown  in  Figure  11  indicate  that  with	 ﾠ ￿=20  &  ￿=75  the 
detection  probability,  in  the  region  of  interest  (i.e.  above  90%),  remains  better  than  CL 
coherent integration period of 400 milliseconds. On the other hand, this coherent integration 
period will require a lot more Doppler searches and a highly accurate oscillator clock when 
compared to 20 milliseconds coherent integration with the RZ CM replica code. 
 
 
3. CONCLUSIONS 
 
The  Generalized  Post  Detection  Integration  technique  is  introduced  for  L2C  signal 
acquisition. Processing gain of GPDI, over non-coherent technique, is demonstrated through 
Monte Carlo simulations. Time-domain partial correlations are shown to speed up the L2C 
acquisition. Strategies for efficient L2C acquisition have been identified for both outdoor and 
nominal  indoor  signal  levels.  Future  work  will  investigate  the  coherent  combinations  of 
correlator-output samples to enhance the gain and develop theoretical expressions for GPDI 
behaviour.  
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